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(54) INDIUM PHOSPHIDE SUBSTRATE, INDIUM PHOSPHIDE SINGLE CRYSTAL AND PROCESS 
FOR PRODUCING THEM 



(57) In orderto obtain compound semiconductor de- 
vices which has uniform and stable performance on a 
wafer and a long life span, the present invention provides 
an indium phosphide substrate and a method for manu- 
facturing the same in which the dislocation density is low 
and there is excellent uniformity of dopant concentration 
on the wafer as well as in the depth direction. 

In orderto have the direction of growth of the crystal 
in the <1 00> orientation, a seed crystal having a specified 
cross-sectional area ratio with the crystal body is placed 
at the lower end of a growth container. The growth con- 
tainer housing the seed crystal, indium phosphide raw 
material, dopant, and boron oxide is placed in a crystal 
growth chamber. The temperature is raised to at or above 
the melting point of indium phosphide. After melting the 
boron oxide, indium phosphide raw material, and dopant, 
the temperature of the growth container is lowered in 
orderto obtain an indium phosphide monocrystal having 
a low dislocation density and a uniform dopant concen- 
tration on the wafer as well as in the depth direction. 
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Description 

Technical Field 

[0001] The present invention relates to art indium 
phosphide substrate, indium phosphide crystal, and 
method of manufacturing thereof used in the optoelec- 
tronics field such as semiconductor lasers for optical 
communication, photodetectors, and the like, and in the 
electronics field such as transistors and the like. 

Background Art 

[0002] Indium phosphide (InP) crystals are manufac- 
tured by liquid encapsulated Czochralski method (LEC 
method) or vapor pressure controlled LEC method (VCZ 
method). Recently, growth of monocrystals of 3 inches 
diameter (approximately 75 mm) and 4 inches diameter 
(approximately 100 mm) by vertical gradient freezing 
method (VGF method) has been reported. 
[0003] With the VGF method, it has been reported that 
because crystals are grown under a tow temperature gra- 
dient, InP crystals with low dislocation density can be 
grown. For example, in 13 th International Conference on 
indium Phosphide and Related Materials, Post Deadline 
Papers, Tsukuba, Ibaraki (1998) 15-16, there is reporting 
of an Fe-doped InP crystal of 3 inches diameter. In this 
paper, it is reported that the etch pit density (EPD) of 
(100) wafer was 3,000 cm" 2 . This etch pit density corre- 
sponds to the dislocation (tensity of the crystal. In this 
paper, the growth orientation of the crystal is not shown. 
In Technical Digest of GaAs IC Symposium, Monterey, 
(2002) 147-150, with a commercial Fe-doped (100) InP 
wafer of 4 inches diameter, there was a large gradient in 
the etch pit density and photo luminesce nee (PL) intensity 
on the wafer, and Fe concentrations changed approxi- 
mately two-fold. From this, the growth orientation of the 
commercial VGF crystal was presumed to be <1 1 1>. In 
addition, when Fe-doped InP crystals of 4 inches diam- 
eter are grown by the vertical boat method using a <1 00> 
seed, it has been reported that a (100) wafer with a dis- 
location density average value of 1 1,000 cm- 2 was ob- 
tained. 

[0004] In addition, in the 1 3 th International Conference 
on Indium Phosphide and related Materials, Post Dead- 
line Papers, Tsukuba, Ibaraki (1998) 1-2, Japanese Jour- 
nal of Applied Physics, 38 (1999) 977-980, there is re- 
porting of an InP crystal of 100 mm diameter which was 
grown in the <100> orientation by VGF method. Further- 
more, in the 14 th International Conference on Indium 
Phosphide and Related Materials, Davos, Switzerland, 
(1 999) 249-254, InP crystals of 1 00 mm diameter grown 
in the <1 00> orientation by VGF method were heat treat- 
ed in an iron phosphide atmosphere to obtain Fe-doped 
(100) InP wafers of 100 mm diameter. 
[0005] In addition, in Journal of Crystal Growth 132 
( 1 993) 348-350 and Journal of Crystal Growth 1 58 ( 1 996) 
43-48, using a <100> oriented seed crystal which has 



approximately the same diameter as the crystal body and 
adding sulfur (S), a monocrystal of 50 mm diameter was 
obtained. 

[0006] In the growth of InP crystals, twin generation is 

5 the most serious problem. In particular, with the vertical 
boat method in which crystals are grown in containers 
such as VGF method and vertical Bridgman method ( VB 
method), when crystals are grown under a low temper- 
ature gradient, there is a high frequency of twin genera- 
te tion, and it is extremely difficult to obtain a monocrystal. 
[0007] As a result, in Journal of Crystal Growth 95 
(1989) 109-1 14, there is reported a method of growth in 
the<1 1 1> orientation in which twins are not readily gen- 
erated. However, as described in Technical Digest of 

is GaAs IC Symposium, Monterey (2002) 1 47-1 50, in order 
to use the usual (100) wafers, the (100) wafer must be 
sliced at an angle of 54.7 degrees with respect to the 
growth direction. As a result, there results a large gradient 
for the dopant concentration on the wafer. Commercial 

20 Fe-doped (1 00) InP wafers of 4 inches diameter (approx- 
imately 100 mm) have been reported to have approxi- 
mately two-fold changes in Fe concentration on a wafer. 
When there is such a large change in Fe concentration, 
there are also large changes in electrical properties on 

25 the wafer. As a result, when this is used for optoelectronic 
devices such as semiconductor lasers for optical com- 
mumication, photodetectors, and the like, and for elec- 
tronic devices such as transistors and the like, the per- 
formance of the device is not constant on the wafer. 

30 [0008] On the other hand, as described in Japanese 
Laid-Open Patent Number 1 1 -302094, in order to prevent 
the generation of twins, the crystal growth rate at a ta- 
pered part is preferably 20 mm/hr or greater, and ma 
slope angle for the tapered part of the inverse-conical 

35 crucible is 80 degrees or greater and less than $0 de- 
grees wfth respect to the crystal central axis. Pvtormaify. 
the dopant is placed together with the raw mater b! in ms 
crucible, and crystal growth is conducted. However . If ms 
growth speed is too fast, constitutional supercooling oc- 

40 curs, which results in polycrystaliization. As dsscrfosd in 
14 th International Conference on Indium Phosphide and 
Related Materials, Davos, Switzerland, (1999) 249-254, 
a monocrystal in which dopant is not added is grown, and 
after making this into a wafer, heat treatme nt is conducted 

45 under an iron phosphide atmosphere in order to obtain 
an Fe-doped InP substrate. However, with mis method 
in which dopant is diffused from the atmosphere, mis may 
result in dopant concentrations higher in areas closer to 
the wafer surface. As a result, when using for optoelec- 

50 tronic devices such as semiconductor lasers for optical 
communication, photodetectors, and me like, and for 
electronic devices such as transistors and the like, the 
device performance may not be stable. 
[0009] In addition, in Journal of Crystal Growth 1 58 

55 (1996) 43-48, by using a <100> oriented crystal seed 
with a diameter approximately equal to that of the crystal, 
it is reported that non-doped or sulfur (S) doped monoc- 
rystal of 50 mm diameter was obtained. However, despite 
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adding S, which has the effect of reducing dislocation 
density, at a high concentration of 2 x 1 0 1B cnrr 3 , the etch 
pit density (EPD) was high at 8,000-10,000 crrr 2 With 
an InP substrate used in the optoelectronics field such 
as semiconductor lasers for optical communication, pho-* 
todetectors, and the like, dislocation reduces the device 
performance and life span. Substrates with such a high 
dislocation density are problematic for practical use. 

Disclosure of Invention 

[001 0] With the indium phosphide substrate containing 
a dopant of the present invention, the average dislocation 
density in the wafer is less than 5000 crrr 2 , the ratio of 
the difference between the maximum value and minimum 
value with respect to the average value of the dopant 
concentration in the wafer is 30% or less, and the dopant 
is distributed substantially uniform through the thickness 
of the wafer. Furthermore, in the present invention, the 
average value of the dislocation density in the wafer is 
less than 2000 cm" 2 , and the ratio of the difference be- 
tween the maximum value and the minimum value with 
respect to the average value of the dopant concentration 
in the wafer is 30% or less, and the dopant is distributed 
substantially uniform through the thickness of the wafer. 
[0011] By using this InP substrate, which has a low 
dislocation density and which has a uniform dopant con- 
centration on the wafer and in the depth direction, in op- 
toelectrical devices such as semiconductor lasers for op- 
tical communication, photodetectors, and the like, and in 
electronic devices such as transistors and the like, a com- 
pound semiconductor device with uniform and stable per- 
formance on a wafer and bng life is achieved. 
[0012] Dramatic advantages were seen when the InP 
substrate containing dopant of the present invention was 
75 mm diameter or greater and further with 100 mm di- 
ameter or greater and containing a dopant of iron (Fe), 
sulfur (S), tin (Sn), or zinc (Zn). 
[001 3] In addition, the present invention is an InP crys- 
tal containing dopant with a growth direction in the <1 00> 
orientation, which has an average dislocation density of 
less than 5000 cnr 2 on the (1 00) plane perpendicular to 
the growth direction. In addition, the present invention is 
an InP crystal containing dopant with a growth direction 
in the <100> orientation, which has an average disloca- 
tion density of less than 2000 cm" 2 on the (100) plane 
perpendicular to the growth direction. 
[0014] In addition, the diameter is 75 mm or greater, 
and further, the diameter is 100 mm or greater. The do- 
pant is iron (Fe), sulfur (S), tin (Sn), or zinc (Zn). 
[001 5] The InP substrate obtained from this InP crystal 
is used in optoelectrical devices such as semiconductor 
lasers for optical communication, photodetectors, and 
the like, and in electronic devices such as transistors and 
the like to achieve a compound semiconductor device 
with uniform and stable performance on a wafer and a 
long life span. 

[0016] Forthe InP monocrystal containing dopant hav- 



ing these properties, a seed crystal having a cross-sec- 
tional area of 1 5% or greater of the cross-sectional area 
of the crystal body is placed at the lower end of a growth 
container so that the growth direction of the crystal will 

5 be in the <1 00> orientation. Furthermore, the growth con- 
tainer containing indium phosphide raw material, dopant, 
and boron oxide is installed in a crystal growth chamber 
and heated to a temperature at or above the melting point 
of indium phosphide. After heating and melting the boron 

10 oxide, indium phosphide raw material, and dopant, the 
temperature of the growth container is lowered, and the 
InP monocrystal is obtained. More preferably, the seed 
crystal has a cross-sectional area of 50% or greater of 
the cross-sectional area of the crystal body, and in add}- 

is tion, it is preferably 98% or less of the cross-sectional 
area of the crystal body. 

[0017] The reason for using a seed crystal that has a 
cross-sectional area of 15% or greater, and preferably 
50% or greater of the cross-sectional area of the crystal 

20 body is to reduce the frequency of twin generation by 
reducing the surface area of the tapering part where twin 
generation is likely to occur. In addition, the reason for 
having the cross-sectional area of 98% or less is because 
the seed crystal must have a cross-sectional area smaller 

25 than the crystal body to fit properly in the crucible bottom 
portion. 

[0018] In addition, in the longitudinal cross-section 
which includes the crystal central axis, the slope angle 
of the tapered part from the seed crystal to the crystal 
30 body is preferably 40 degrees or less with respect to the 
crystal central axis (see Figure 1 ), and it is more prefer- 
ably 20 degrees or less. 

[001 9] In the longitudinal cross-section which includes 
the crystal central axis, the reason for having the slope 

35 angle of the tapered part from the seed crystal to the 
crystal body with 40 degrees or less and preferably 20 
degrees or less is because with smaller changes in the 
crystal diameter, growth is more stable, and twin gener- 
ation is less likely to occur. 

40 [0020] Furthermore, the average dislocation density of 
the seed crystal is preferably less than 5000 cm* 2 , and 
more preferably less than 2000 crrr 2 . In addition, the seed 
crystal preferably has an average dislocation density that 
is lower than the average dislocation density of the target 

45 crystal to be grown. 

[0021] The present inventors have discovered that 
when using a seed crystal having a cross-sectional area 
of 15% or greater, and preferably 50% or greater of the 
cross-sectional area of the crystal body, the dislocation 

so density of the crystal largely depends on the dislocation 
density of the seed crystal. In order to obtain a do- 
pant-containing InP crystal with an average dislocation 
density of less than 5000 cm" 2 on the (100) wafer, or an 
average dislocation density of less than 2000 cm" 2 , a 

55 seed crystal with a low dislocation density of less than 
5000 cm" 2 or less than 2000 crrr 2 is preferably used. The 
present inventors have discovered that it is preferable to 
have a seed crystal with an average dislocation density 
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lower than the target dislocation density of the crystal to' 
be grown. 

[0022] In the present invention, the indium phosphide 
raw material, dopant, and a portion of the seed crystal 
are maintained in a melted state for afixedperiofl of time, 1 5 
preferably 1 hour or more, more preferably 3 hours or 
more, and more preferably 5 hours or more. Afterwards, 
the temperature of the growth container is lowered, and 
a monocrystal having a<1 00> orientation is grown. When 
using a seed crystal having a cross-sectional area of 1 5% 
or greater, and preferably 50% or greater of the 
cross-sectional area of the crystal body, more time is 
needed to stabilize the interface position of the raw ma- 
terial melt and the seed crystal as compared to when 
using a seed crystal with a small relative cross-section 
(around 1%) as in the prior art. Furthermore, by main- 
taining the melt for a fixed period of time, the dopant 
concentration in the melt is made more uniform. 
[0023] The growth rate for growing the crystal from the 
seed crystal is preferably 10 mm/hour or less, and more 
preferably 5 mm/hour or less. When the growth rate for 
growing crystal from seed crystal is too fast, constitutional 
supercooling occurs, which results in polycrystaliization. 
[0024] Furthermore, the growth rate when growing the 
crystal from the seed crystal is preferably 2.5 mm/hour 
or greater. If the growth rate when growing crystal from 
seed crystal is too slow, defects such as twins or poly- 
crystals are more readily generated at the start of growth. 
Near the interface of the seed crystal and the melt, there 
is a temperature fluctuation due to the effect of melt con- 
vection. When growing under a iowtemperatu re gradient, 
this temperature fluctuation strongly influences the sta- 
bility of crystal growth. The present inventors discovered 
that, when the growth rate when the crystal begins to 
growfrom seed crystal, is 2.5 mm/hour or greater, defects 
such as twins and polycrystals are not readily generated 
at the start of growth. 

[0025] The growth container is preferably a pyroiytic 
boron nitride (pBN) container. Prior to housing the seed 
crystal, indium phosphide raw material, dopant, and bo- 
ron oxide in the growth container, the inner surface of 
the growth container, at least the part which will come 
into contact with the melt, is preferably coated with a bo- 
ron oxide film. 

[0026] When using a seed crystal with larger diameter 
having a cross-sectional area of 1 5% or greater, and pref- 
erably 50% or greater of the cross-sectional area of the 
crystal body, using a crucible of material which easily 
deforms such as quartz results in a larger deformation 
as compared to when using a seed crystal with smaller 
diameter. Therefore, a pBN crucible which has adequate 
strength at growth temperatures is preferred. In addition, 
with a pBN crucible, if the inner surface of the crucible is 
not coated with boron oxide (B2O3) the crystal or the melt 
will come into contact with the crucible and polycrystal- 
iization occurs. When using a seed crystal with larger 
diameter having a cross-sectional area of 1 5% or greater, 
and preferably 50% or greater of the cross-sectional area 



of the crystal body, the surface area of the seed crystal 
is large as compared to the seed crystal with smaller 
diameter. As a result, there is a higher possibility of the 
crystal or the melt coming in contact with the crucible. 
Prior to housing the seed crystal, indium phosphide raw 
material, dopant, and boron oxide in the growth contain- 
er, the inner surface of the growth container, at least the 
part which will come into contact with the melt, is coated 
with a boron oxide film, thereby preventing contact of the 
crystal or the melt with the crucible and preventing poly- 
crystallization. 

[0027] In this manner, an InP monocrystal with a di- 
ameter of 75 mm or greater and also 1 00 mm or greater 
containing a dopant of iron (Fe), sulfur (S), tin (Sn), or 
zinc (Zn) is obtained. In addition, this crystal is processed 
to obtain an InP substrate for use in optoelectronic de- 
vices such as semiconductor laser for optical communi- 
cation, photodetector, and the like and electronic devices 
such as transistor and the like. This results in compound 
semiconductor devices with uniform and stable perform- 
ance on the wafer and excellent life span. 

Brief Description of Drawings 

[0028] 

Figure 1 is an example of the shape of an indium 
phosphide (InP) monocrystal manufactured in the 
present invention. 

Figure 2 is an example of a longitudinal cross-section 
of an InP crystal manufacturing equipment used in 
the present invention. 

Figure 3 is the sample positions for measuring the 
etch pit density and dopant concentration. 

Best Mode for Carrying Out the Invention 

(Embodiment 1 ) 

[0029] An <100> InP seed crystal of 40 mm diameter 
and 40 mm length is placed in a pBN crucible 1 which 
has an inner diameter of approximately 105 mm and 
which has a boron oxide (B2O3) film on the inner surface. 
The cross-sectional area ratio of the seed crystal with 
respect to the crystal body is 1 5%. In addition, the tapered 
part from the seed crystal to the crystal body has a slope 
angle of 40 degrees with respect to the crystal central 
axis. The target value for the average dislocation density 
of the crystal to be grown is less than 5000 cm -2 , and a 
seed crystal with an average dislocation density of 4500 
cm* 2 is used. For the dopant, high purity Fe is used, and 
this is housed in the pBN crucible together with 10 kg of 
InP polycrystal and 0.5 kg of boron oxide. The weight of 
high purity Fe placed in the crucible is adjusted so that 
the concentration at the front end of the straight body 
section is 2 x 10 16 cm" 3 . 

[0030] Crystal growth is seen in Figure 2. For the 
growth of InP monocrystal, a high pressure chamber 9 
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made of stainless steel is used. A crucible support 5 is 
installed on the upper end of a lower shaft 6 provided at 
the center of the high pressure chamber. Lower shaft 6 
can be rotated and moved downward. A graphjte heater^ 
7 and a graphite heat insulating material 8 are placed 
around crucible support 5. The pBN crucible with a seed 
crystal 4, raw material, dopant, and boron oxide is placed 
on the crucible support. The high pressure chamber is 
sealed, and evacuated over a fixed period of time, and 
after pressurizing with nitrogen gas, the heater is electri- 
fied, and the temperature is raised. 
[0031] As the temperature rises, boron oxide 3 softens 
first, and covers the entire InP raw material. Once the 
temperature exceeds the melting point of InP, the raw 
material begins to melt. The raw material is completely 
melted, and the pressure inside the high pressure cham- 
ber is adjusted to approximately 4 MPa. A portion of the 
seed crystal is melted and allowed to be mixed with InP 
melt 2. After maintaining the melt for 1 hour, the crucible 
support is moved downward at a speed of 10 mm/hour 
while being rotated at 5 rpm, and an InP monocrystal is 
grown. 

[0032] After crystal growth is completed, the crystal is 
cooled to room temperature and removed from the pBN 
crucible. An InP crystal 10 with a diameter in the crystal 
body portion of 105 mm and a length of approximately 
220 mm is obtained. Because 40 mm of the tail end por- 
tion is a polycrystalline portion 1 1 due to the precipitation 
of Fe, the monocrystal portion is approximately 1 80 mm. 
Wafers are sliced at the front end and the tail end of the 
crystal body, and using Huber etching solution, the etch 
pit density is measured. At the front end, the etch pit 
density is 40)0 cm' 2 , and at the tail end, that is 4000 
cm 2 . This satisfies the target value of less than 5000 
cm -2 . 

[0033] In addition, with regard to the wafer sliced at a 
front end 13 of the crystal straight body portion, the dis- 
tribution of the Fe concentration in the wafer is measured 
by the GDMS method. The wafer center portion has the 
lowest concentration at 2x10 16 cnr 3 On the other hand, 
when the Fe concentration is measured at 2.5 mm inside 
from the wafer periphery, the Fe concentration is 2.2 x 
10 16 cnr 3 The ratio of the difference between the maxi- 
mum value and the minimum value with respect to the 
average value is 10%. Similarly, with regard to the wafer 
sliced at a tail end 12 of crystal straight body portion, the 
distribution of the Fe concentration in the wafer is meas- 
ured by the GDMS method. The wafer center has the 
lowest concentration at 9.5x10 16 cm- 3 . The Fe concen- 
tration at 2.5 mm inside from the wafer periphery is 1 0.5 
x 1 0 1 6 cm* 3 . The ratio of the difference between the max- 
imum value and minimum value with respect to the av- 
erage value of the dopant concentration is 1 0%. 
[0034] The InP monocrystal that is obtained as de- 
scribed above is processed into a double sided mirror 
wafer of 100 mm diameter and 625 micrometers thick- 
ness. The Fe concentration in the depth direction is 
measured by the SIMS method. While removing the wa- 



fer by 1 0 micrometers depth from the surface by etching 
and polishing, the Fe concentration is measured from the 
surface to 100 micrometers depth. The 100 micrometer 
depth is thought to be an adequate depth for device f ab- 
5 rication. With both the wafers sliced from the front end 
and tail end of the crystal body portion, the Fe concen- 
tration distribution is within ± 5%. It can be seen that 
there is no problem in the uniformity of the Fe concen- 
tration for the fabrication of devices. 

10 

(Embodiment 2) 

[0035] An <1 00> InP seed crystal of 75 mm diameter 
and 30 mm length is placed in a pBN crucible 1 which 

15 has an inner diameter of approximately 105 mm and 
which has a boron oxide (B^) film on the inner surface. 
The cross-sectional area ratio of the seed crystal with 
respectto the crystal body is 50%. In addition, the tapered 
part from the seed crystal to the crystal body has a slope 

20 angle of 20 degrees with respect to the crystal central 
axis. The target value for the average dislocation density 
of the crystal to be grown is less than 3000 cm* 2 , and a 
seed crystal with an average dislocation density of 2500 
cm" 2 is used. For the dopant, high purity Fe is used, and 

25 this is housed in the pBN crucible together with 1 0 kg of 
InP polycrystai and 0.5 kg of boron oxide. The weight of 
high purity Fe placed in the crucible is adjusted so that 
the concentration at the front end of the straight body 
section is 2 x 10 16 cnr 3 

30 [0036] For the growth of InP monocrystal, a high pres- 
sure chamber9 made of stainless steel is used. A crucible 
support 5 is installed on the upper end of a lower shaft 6 
provided at the center of thehighpressurechamber. Low- 
er shaft 6 can be rotated and moved downward. A graph- 

35 ite heater 7 and a graphite heat insulating material 8 are 
placed around crucible support 5. The pBN crucible with 
a seed crystal 4, raw material, dopant, and boron oxide 
are placed on the crucible support. The high pressure 
chamber is sealed, and evacuated over a fixed period of 

40 time, and after pressurizing with nitrogen gas, the heater 
is electrified, and the temperature is raised. 
[0037] As the temperature rises, boron oxide 3 softens 
first, and covers the entire InP raw material. Once the 
temperature exceeds the melting point of InP, the raw 

45 material begins to melt The raw material is completely 
melted, and the pressure inside the high pressure cham- 
ber is adjusted to approximately 4 MPa. A portion of the 
seed crystal is melted and allowed to be mixed with InP 
melt 2. After maintaining the meltfor 3 hours, the crucible 

50 support is moved downward at a speed of 5 mm/hour 
while being rotated at 5 rpm, and an InP monocrystal is 
grown. 

[0038] After crystal growth is completed, the crystal is 
cooled to room temperature and removed from the pBN 
55 crucible. An InP crystal 10 with a diameter in the crystal 
body portion of 105 mm and a length of approximately 
220 mm is obtained. Because 25 mm of the tail end por- 
tion is a polycrystalline portion 1 1 due to the precipitation 
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of Fe, the monocrystal portion is approximately 195 mm. 
Wafers are sliced at the front end and the tail end of the 
crystal body, and using Huber etching solution, the etch 
pit density is measured. At the front end, the etch pit 
density is 2500 cnr 2 , and at the tail end, thaf is 2000 * 
cm* 2 . This satisfies the target value of less than 3000 
cm' 2 . 

[0039] In addition, with regard to the wafer sliced at a 
front end 13 of the crystal straight body portion, the dis- 
tribution of the Fe concentration in the wafer is measured 
by the GDMS method. The wafer center portion has the 
lowest concentration at2x lO^m- 3 . On the other hand, 
when the Fe concentration is measured at 2.5 mm inside 
from the wafer periphery, the Fe concentration is 2.45 x 
10 16 cm* 3 . The ratio of the difference between the maxi- 
mum value and the minimum value with respect to the 
average value is 20%. Similarly, with regard to the wafer 
sliced at a tail end 1 2 of crystal straight body portion, the 
distribution of the Fe concentration in the wafer is meas- 
ured by the GDMS method. The wafer center has the 
lowest concentration at 10 x 10 16 cm -3 . The Fe concen- 
tration at 2.5 mm inside from the wafer periphery is 12.2 
x 1 0 1 6 cnrr 3 . The ratio of the difference between the max- 
imum value and minimum value with respect to the av- 
erage value of the dopant concentration is 20%. 
[0040] The InP monocrystal that is obtained as de- 
scribed above is processed into a double sided mirror 
wafer of 100 mm diameter and 625 micrometers thick- 
ness. The Fe concentration in the depth direction is 
measured by the SIMS method. While removing the wa- 
fer by 10 micrometers depth from the surface by etching 
and polishing, the Fe concentration is measured from the 
surface to 100 micrometers depth. The 100 micrometer 
depth is thought to be an adequate depth for device fab- 
rication. With both the wafers sliced from the front end 
and tail end of the crystal body portion, the Fe concen- 
tration distribution is within ± 5%. It can be seen that there 
is no problem in the uniformity of the Fe concentration 
for the fabrication of devices. 

(Embodiment 3) 

[0041] An <100> InP seed crystal of 98 mm diameter 
and 20 mm length is placed in a pBN crucible 1 which 
has an inner diameter of approximately 105 mm and 
which has a boron oxide (B2O3) film on the inner surface. 
The cross-sectional area ratio of the seed crystal with 
respect to the crystal body is 87%. In addition, the tapered 
part from the seed crystal to the crystal body has a slope 
angle of 10 degrees with respect to the crystal central 
axis. The target value for the average dislocation density 
of the crystal to be grown is set at less than 2000 cm* 2 , 
and a seed crystal with an average dislocation density 
of 1500 cm- 2 is used. For the dopant, high purity Fe is 
used, and this is housed in the pBN crucible together with 
10 kg of InP polycrystal and 0.5 kg of boron oxide. The 
weight of high purity Fe placed in the crucible is adjusted 
so that the concentration at the front end of the straight 



body section of the crystal is 2 x 10 16 cm- 3 . 
[0042] For the growth of InP monocrystal, a high pres- 
sure chamber 9 made of stain less steel is used. A crucible 
support 5 is installed on the upper end of a lower shaft 6 

s providedatthecenterofthehighpressurechamber. Low- 
er shaft 6 can be rotated and moved downward. A graph- 
ite heater 7 and a graphite heat insulating material 8 are 
placed around crucible support 5. The pBN crucible with 
a seed crystal 4, raw material, dopant, and boron oxide 

10 are placed on the crucible support The high pressure 
chamber is sealed, and evacuated over a fixed period of 
time, and after pressurizing with nitrogen gas, the heater 
is electrified, and the temperature is raised. 
[0043] As the temperature rises, boron oxide 3 softens 

15 first, and covers the entire InP raw material. Once the 
temperature exceeds the melting point of InP, the raw 
material begins to melt The raw material is completely 
melted, and the pressure inside the high pressure cham- 
ber is adjusted to approximately 4 MPa. A portion of the 

20 seed crystal is melted and allowed to be mixed with InP 
meft2. After maintaining the melt for 5 hours, the crucible 
support is moved downward at a speed of 3 mm/hour 
while being rotated at 5 rpm, and an InP monocrystal is 
grown. 

25 [0044] After crystal growth is completed, the crystal is 
cooled to room temperature and removed from the pBN 
crucible. An InP crystal 10 with a diameter in the crystal 
body portion of 105 mm and a length of approximately 
220 mm is obtained. Because 20 mm of the tail end por- 

30 tion is a polycrystaHine portion 1 1 due to the precipitation 
of Fe, the monocrystal portion is approximately 200 mm. 
Wafers are sliced at the front end and the tail end of the 
crystal body, and using Huber etching solution, the etch 
pit density is measured. At the front end, the etch pit 

35 density is 1800 cm -2 , and at the tail end, that is 1200 
cm -2 . This satisfies the target value of less than 2000 
cm~ 2 . 

[0045] In addition, with regard to the wafer sliced at a 
front end 13 of the crystal straight body portion, the dis- 

40 tribution of the Fe concentration in the wafer is measured 
by the GDMS method. The wafer center has the lowest 
concentration at 2 x 10 16 cnrr 3 . On the other hand, when 
the Fe concentration is measured at 2.5 mm inside from 
the wafer periphery, the Fe concentration is 2.7 x 

45 io 16 cnrr 3 The ratio of the difference between the maxi- 
mum value and the minimum value with respect to the 
average value is 30%. Similarly, with regard to the wafer 
sliced at a tail end 1 2 of crystal straight body portion, the 
distribution of the Fe concentration in the wafer is meas- 

50 ured by the GDMS method. The wafer center has the 
lowest concentration at 10 x 10 16 cnrr 3 . The Fe concen- 
tration at 2.5 mm inside from the wafer periphery is 1 3.5 
x 1 0 16 cm- 3 . The ratio of the difference between the max- 
imum value and minimum value with respect to the av- 

55 erage value of the dopant concentration is 30%. 

[0046] The InP monocrystal that is obtained as de- 
scribed above is processed into a double sided mirror 
wafer of 100 mm diameter and 625 micrometers thick- 
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ness. The Fe concentration in the depth direction is 
measured by the SIMS method. While removing the wa- 
fer by 10 micrometers depth from the surface by etching 
and polishing, the Fe concentration is measured from the^ 
surface to 100 micrometers depth. The 100 micrometer* 
depth is thought to be an adequate depth for device fab- 
rication. With both the wafers sliced from the front end 
and tail end of the crystal body portion, the Fe concen- 
tration distribution is within + 5%. It can be seen that there 
is no problem in the uniformity of the Fe concentration 
for the fabrication of devices. 

(Embodiment 4) 

[0047] An <100> InP seed crystal of 98 mm diameter 
and 20 mm length is placed in a pBN crucible 1 which 
has an inner diameter of approximately 105 mm and 
which has a boron oxide (BgOa) film on the inner surface. 
The cross-sectional area ratio of the seed crystal with 
respectto the crystal body is 87%. In addition, the tapered 
part from the seed crystal to the crystal body has a slope 
angle of 10 degrees with respect to the crystal central 
axis. The target value for the average dislocation density 
of the crystal to be grown is set at less than 1000 crrr 2 
and a seed crystal with an average dislocation density 
of 500 cm" 2 is used. For the dopant, ln 2 S3 is used, and 
this is housed in the pBN crucible 1 together with 10 kg 
of InP polycrystal and 0.5 kg of boron oxide. The weight 
of ln 2 S3 placed in the crucible is adjusted so that the 
concentration at the front end of the straight body section 
of the crystal is 1 x 10 18 cm' 3 . 

[0048] For the growth of InP monocrystal, a high pres- 
sure chamber 9 made of stainless steel is used. A crucible 
support 5 is installed on the upper end of a lower shaft 6 
provided atthe center of the high pressure chamber. Low- 
er shaft 6 can be rotated and moved downward. A graph- 
ite heater 7 and a graphite heat insulating material 8 are 
placed around crucible support 5. The pBN crucible with 
a seed crystal 4, raw materia!, dopant, and boron oxide 
are placed on the crucible support. The high pressure 
chamber is sealed, and evacuated over a fixed period of 
time, and after pressurizing with nitrogen gas, the heater 
is electrified, and the temperature is raised. 
[0049] As the temperature rises, boron oxide 3 softens 
first, and covers the entire InP raw material. Once the 
temperature exceeds the melting point of InP, the raw 
material begins to melt. The raw material is completely 
melted, and the pressure inside the high pressure cham- 
ber is adjusted to approximately 4 MPa. A portion of the 
seed crystal is melted and allowed to be mixed with InP 
melt 2. After maintaining the meltfor 5 hours, the crucible 
support is moved downward at a speed of 3 mm/hour 
while being rotated at 5 rpm, and an InP monocrystal is 
grown. 

[0050] After crystal growth is completed, the crystal is 
cooled to room temperature and removed from the pBN 
crucible. An InP crystal 1 0 with a diameter in the crystal 
body portion of 105 mm and a length of approximately 



220 mm is obtained. Wafers are sliced at the front end 
and the tail end of the crystal body, and using Huber 
etching solution, the etch pit density is measured. Atthe 
front end, the etch pit density is 500 cm" 2 , and at the tail 
5 end, that is 100 crrr 2 This satisfies the target value of 
less than 1000 crrr 2 . 

[0051] In addition, with regard to the wafer sliced at a 
front end 13 of the crystal straight body portion, the dis- 
tribution of the S concentration in the wafer is measured 

10 by the GDMS method. The wafer center has the lowest 
concentration at 1 x 10 18 cnr 3 . On the other hand, when 
the S concentration is measured at 2.5 mm inside from 
the wafer periphery, the S concentration is 1.1 x 
10 18 cnrr 3 . The ratio of the difference between the maxi- 

15 mum value and the minimum value with respect to the 
average value is 1 0%. Similarly, with regard to the wafer 
sliced at a tail end 1 2 of crystal straight body portion, the 
distribution of the S concentration in the wafer is meas- 
ured by the GDMS method. The wafer center has the 

20 lowest concentration at 3 x 1 0 1 8 cm" 3 . The S concentra- 
tion at 2.5 mm inside from the wafer periphery is 3.3 x 
10 18 cm 3 . The ratio of the difference between the max- 
imum value and minimum value with respect to the av- 
erage value of the dopant concentration is 10%. 

25 [0052] The InP monocrystal that* is obtained as de- 
scribed above is processed into a double sided mirror 
wafer of 100 mm diameter and 625 micrometers thick- 
ness. The S concentration in the depth direction is meas- 
ured by the SIMS method. While removing the wafer by 

30 10 micrometers depth from the surface by etching and 
polishing, the S concentration is measured from the sur- 
face to 100 micrometers depth. The 100 micrometer 
depth is thought to be an adequate depth for device fab- 
rication. With both the wafers sliced from the front end 

35 and tail end of the crystal body portion, the S concentra- 
tion distribution is within ± 5%. It can be seen that there 
is no problem in the uniformity of the S concentration for 
the fabrication of devices. 

40 (Embodiment 5) 

[0053] An <1 00> InP seed crystal of 98 mm diameter 
and 20 mm length is placed in a pBN crucible 1 which 
has an inner diameter of approximately 105 mm and 

45 which has a boron oxide (B2O3) film on the inner surface. 
The cross-sectional area ratio of the seed crystal with 
respectto the crystal body is 87%. In addition, the tapered 
part from the seed crystal to the crystal body has a slope 
angle of 10 degrees with respect to the crystal centra! 

so axis. The target value for the average dislocation density 
of the crystal to be grown is set at less than 2000 cm" 2 , 
and a seed crystal with an average dislocation density 
of 1500 cm* 2 is used. For the dopant, Sn is used, and 
this is housed in the pBN crucible together with 10 kg of 

55 InP polycrystal and 0.5 kg of boron oxide. The weight of 
Sn placed in the crucible is adjusted so that the Sn con- 
centration at the front end of the straight body section of 
the crystal is 1 x 10 18 cm* 3 . 
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[0054] For the growth of InP monocrystal, a high pres- 
sure chamber 9 made of stainless steel is used. A crucible 
support 5 is installed on the upper end of a lower shaft 6 
provided atthe center of the high pressure chamber. Low- 
er shaft 6 can be rotated and moved downward. % graph- * 
ite heater 7 and a graphite heat insulating material 8 are 
placed around crucible support 5. The pBN crucible with 
a seed crystal 4, raw material, dopant, and boron oxide 
are placed on the crucible support The high pressure 
chamber is sealed, and evacuated over a fixed period of 
time, and after pressurizing with nitrogen gas, the heater 
is electrified, and the temperature is raised. 
[0055] As the temperature rises, boron oxide 3 softens 
first, and covers the entire InP raw material. Once the 
temperature exceeds the melting point of InP, the raw 
material begins to melt. The raw material is completely 
melted, and the pressure inside the high pressure cham- 
ber is adjusted to approximately 4 MPa. A portion of the 
seed crystal is melted and allowed to be mixed with InP 
melt 2. After maintaining the melt for 5 hours, the crucible 
support is moved downward at a speed of 3 mm/hour 
while being rotated at 5 rpm, and an InP monocrystal is 
grown. 

[0055] After crystal growth is completed, the crystal is 
cooled to room temperature and removed from the pBN 
crucible. An InP crystal 10 with a diameter in the crystal 
body portion of 105 mm and a length of approximately 
220 mm is obtained. Because 20 mm of the tail end por- 
tion is a polycrystaHine portion 1 1 due to the precipitation 
of Sn, the monocrystal portion is approximately 200 mm. 
Wafers are sliced at the front end and the tail end of the 
crystal body, and using Huber etching solution, the etch 
pit density is measured. At the front end, the etch pit 
density is 1500 cm -2 , and at the tail end, that is 1000 
cm 2 . This satisfies the target value of less than 2000 
cnr 2 . 

[0057] In addition, with regard to the wafer sliced at a 
front end 13 of the crystal straight body portion, the dis- 
tribution of the Sn concentration in the wafer is measured 
by the GDMS method. The wafer center has the lowest 
concentration at 1 x 10 1B cnrr 3 . On the other hand, when 
the Sn concentration is measured at 2.5 mm inside from 
the wafer periphery, the Sn concentration is 1.16 x 
10 18 cm- 3 . The ratio of the difference between the maxi- 
mum value and the minimum value with respect to the 
average value is 1 5%. Similarly, with regard to the wafer 
sliced at a tail end 1 2 of crystal straight body portion, the 
distribution of the Sn concentration in the wafer is meas- 
ured by the GDMS method. The wafer center has the 
lowest concentration at 5 x 10 18 cnr 3 . The Sn concen- 
tration at 2.5 mm inside from the wafer periphery is 5.8 
x 1 0 18 cm" 3 . The ratio of the difference between the max- 
imum value and minimum value with respect to the av- 
erage value of the dopant concentration is 15%. 
[0058] The InP monocrystal that is obtained as de- 
scribed above is processed into a double sided mirror 
wafer of 100 mm diameter and 625 micrometers thick- 
ness. The Sn concentration in the depth direction is 



measured by the SIMS method. While removing the wa- 
fer by 10 micrometers depth from the surface by etching 
and polishing, the Sn concentration is measured from 
the surface to 100 micrometers depth. The 100 microm- 

5 eter depth is thought to be an adequate depth for device 
fabrication. With both the wafers sliced from the front end 
and tail end of the crystal body portion, the Sn concen- 
tration distribution is within ± 5%. ft can be seen that 
there is no problem in the uniformity of the Sn concen- 

10 tration for the fabrication of devices. 

Industrial Applicability 

[0059] When an InP substrate obtained by processing 
is a crystal of the present invention is used for optoelec- 
tronic devices such as semiconductor lasers for optical 
communication, photodetectors, or the like, or as a sub- 
strate for electronic devices such as transistors or the 
like, a compound semiconductor device having uniform 
20 and stable performance on the wafer and having an ex- 
cellent life span is achieved. 

Claims 

25 

1 . An indium phosphide substrate containing a dopant, 
comprising: 

an average dislocation density value of a wafer 
so being less than 5000 cm" 2 ; 

a ratio of the difference between a maximum 
value and a minimum value with respect to an 
average value of dopant concentration in said 
wafer being 30% or less; 
35 a substantially uniform distribution of said do- 

pant concentration in the depth direction of said 
wafer. 

2. . An indium phosphide substrate containing a dopant, 
40 comprising: 

an average dislocation density value of a wafer 
being less than 2000 cm -2 ; 
a ratio of the difference between a maximum 
45 value and a minimum value with respect to an 

average value of dopant concentration in said 
wafer being 30% or less; 
a substantially uniform distribution of dopant 
concentration in the depth direction of said wa- 
50 fer. 

3. An indium phosphide substrate as described in 
Claim 1 or 2, wherein: 

55 diameter of said substrate is 75 mm or greater. 

4. An indium phosphide substrate as described in one 
of Claims 1 through 3, wherein: 
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diameter of said substrate is 1 00 mm or greater. 

5. An indium phosphide substrate as described in one 
of Claims 1 through 4, wherein: 

said dopant is Fe (iron). 

6. An indium phosphide substrate as described in one 
of Claims 1 through 4, wherein: 

said dopant is S (sulfur). 

7. An indium phosphide substrate as described in one 
of Claims 1 through 4, wherein: 

said dopant is Sn (tin). 

8. An indium phosphide substrate as described in one 
of Claims 1 through 4, wherein: 

said dopant is Zn (zinc). 

9. An indium phosphide crystal containing a dopant, 
comprising: 

direction of growth being <100> orientation; 
an average dislocation density value on a (1 00) 
plane, which is perpendicular to said growth di- 
rection, being less than 5000 cm" 2 . 

10. An indium phosphide crystal containing a dopant, 
comprising: 

direction of growth being <100> orientation; 
an average dislocation density value on a (100) 
plane, which is perpendicular to said growth di- 
rection, being less than 2000 cm" 2 . 

11. An indium phosphide crystal as described in Claim 
9 or 10, wherein: 

diameter of said crystal is 75 mm or greater. 

12. An indium phosphide crystal as described in one of 
Claims 9-11, wherein: 

diameter of said crystal is 100 mm or greater. 

13. An indium phosphide crystal as described in one of 
Claims 9 through 12, wherein: 

said dopant is Fe (iron). 

14. An indium phosphide crystal as described in one of 
Claims 9 through 12, wherein: 

said dopant is S (sulfur). 



15. An indium phosphide crystal as described in one of 
Claims 9 through 12, wherein: 

said dopant is Sn (tin). 

5 

16. An indium phosphide crystal as described in one of 
Claims 9 through 12, wherein: 

said dopant is Zn (zinc). 

10 

17. A method for manufacturing an indium phosphide 
monocrystai containing a dopant, comprising: 

placing a seed crystal, which has a cross-see- 
rs tional area of 1 5% or greater of a cross-sectional 
area of a crystal body, at a lower end of a growth 
container so that direction of growth of said crys- 
tal is <100> oriented; 

placing said growth container containing said 
20 seed crystal, indium phosphide raw material, do- 

pant, and boron oxide in a crystal growth cham- 
ber, and raising the temperature to at or above 
the melting point of indium phosphide; 
after heating and melting boron oxide, indium 
25 phosphide raw material, dopant, and a portion 

of said seed crystal, lowering the temperature 
of said growth container in order to grow a 
monocrystai with a <100> orientation in a longi- 
tudinal direction of said growth container. 

30 

18. A method for manufacturing an indium phosphide 
monocrystai containing a dopant as described in 
Claim 17, wherein: 

35 said seed crystal has a cross-sectional area of 

50% or greater of a cross-sectional area of said 
crystal body. 

19. A method for manufacturing an indium phosphide 
40 monocrystai containing a dopant as described in 

Claim 17 or 18, wherein: 

said seed crystal has a cross-sectional area of 
98% or less of a cross-sectional area of said 
45 crystal body. 

20. A method for manufacturing an indium phosphide 
monocrystai as described in Claims 1 7-1 9, wherein: 

so in a longitudinal cross-section which includes a 

crystal central axis, a slope angle of a tapering 
region from said seed crystal to said crystal body 
with respect to said crystal central axis is 40 de- 
grees or less. 

55 

21. A method for manufacturing an indium phosphide 
monocrystai as described in Claims 17 through 19, 
wherein: 
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in a longitudinal cross-section which Includes a 
crystal central axis, an angle of a tapering region 
from said seed crystal to said crystal body with 
respect to said crystal central axis is 20 degrees 
or less. '* 

22. A method for manufacturing an indium phosphide 
monocrystal as described in Claims 17-21 , wherein: 

said seed crystal has an average dislocation 
density of less than 5000 cm 2 . 

23. A method for manufacturing an indium phosphide 
monocrystal as described in Claims 17-21 , wherein: 

said seed crystal has an average dislocation 
density of less than 2000 cm 2 . 

24. A method for manufacturing an indium phosphide 
monocrystal as described in Claims 17-23, wherein: 

said seed crystal has an average dislocation 
density that is lower than a target average dis- 
location density of said crystal which is to be 
grown. 

25. A method for manufacturing an indium phosphide 
monocrystal as described in Claims 17-24, wherein: 

after maintaining said indium phosphide raw 
material, dopant, and a portion of said seed crys- 
tal in a heated melted state for a fixed period of 
time, the temperature of said growth container 
is lowered in order to grow a monocrystal with 
a <1 00> orientation in a longitudinal direction of 
said growth container. 

26. A method for manufacturing an indium phosphide 
monocrystal as described in Claim 25, wherein: 

after maintaining said indium phosphide raw 
material, dopant, and a portion of said seed crys- 
tal in a heated melted state for 1 hour or more, 
the temperature of said growth container is low- 
ered in orderto grow a monocrystal with a <1 00> 
orientation in a longitudinal direction of said 
growth container. 

27. A method for manufacturing an indium phosphide 
monocrystal containing a dopant as described in 
Claims 17-26, wherein: 

growth rate when growing said crystal from said 
seed crystal is 10 mm/hour or less. 

28. A method for manufacturing an indium phosphide 
monocrystal containing a dopant as described in 
Claims 17-26, wherein: 



growth rate when growing said crystal from said 
seed crystal is 5 mm/hour or less. 

29. A method for manufacturing an indium phosphide 
5 monocrystal containing a dopant as described in 

Claims 17-28, wherein: 

growth rate when growing said crystal from said 
seed crystal is 2.5 mm/hour or greater. 

10 

30. A method for manufacturing an indium phosphide 
monocrystal containing a dopant as described in one 
of Claims 17-29, wherein: 

15 said growth container is a pBN (pyrolytic boron 

nitride) container. 

31. A method for manufacturing an indium phosphide 
monocrystal containing a dopant as described in one 

20 of Claims 1 7-30, wherein: 

prior to housing said seed crystal, indium phos- 
phide raw material, dopant, and boron oxide in 
said growth container, an inner surface of said 
25 growth container, at least a part which will come 

into contact with melt , is coated with a boron 
oxide film. 

32. A method for manufacturing an indium phosphide 
30 monocrystal containing a dopant as described in one 

of Claims 17-31 , wherein: 

said crystal body has a diameter of 75 mm or 
greater. 

35 

33. A method for manufacturing an indium phosphide 
monocrystal as described in one of Claims 17-32, 
wherein: 

40 said crystal body has a diameter of 100 mm or 

greater. 

34. A method for manufacturing an indium phosphide 
monocrystal as described in one of Claims 17-33, 

45 wherein: 

said dopant is Fe (iron). 

35. A method for manufacturing an indium phosphide 
so monocrystal containing a dopant as described in one 

of Claims 1 7-33, wherein: 

said dopant is S (sulfur). 

55 36. A method for manufacturing an indium phosphide 
monocrystal containing a dopant as described in one 
of Claims 17-33, wherein: 
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said dopant is Sn (tin). 

37. A method for manufacturing an indium phosphide 
monocrystal containing a dopant as described in one 
of Claims 17-33, wherein: s 

said dopant Is Zn (zinc). 
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